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Input-output theory of the unconventional photon blockade
H. Flayac and V. Savona
Institute of Theoretical Physics, E´cole Polytechnique Fe´de´rale de Lausanne EPFL, CH-1015 Lausanne, Switzerland
We study the unconventional photon blockade, recently proposed for a coupled-cavity system, in
presence of input and output quantum fields. Mixing of the input or output channels still allows
strong photon antibunching of the output field, but for optimal values of the system parameters
that differ substantially from those that maximize antibunching of the intracavity field. This result
shows that the specific input-output geometry in a photonic system determines the optimal design
in view of single-photon device operation. We provide a compact analytical formula that allows
finding the optimal parameters for each specific system geometry.
PACS numbers: 42.50.-p,03.65.-w,71.36.+c
I. INTRODUCTION
The generation of single photons is a crucial require-
ment in information and communication technology [1].
A single-photon source typically relies on a system able
of producing subpoissonian light when driven by a classi-
cal light field. This mechanism requires a strong optical
nonlinearity, such that the optical response to one pho-
ton can be modulated by the presence or absence of a
single photon in the system – the so-called photon block-
ade. Combined with the requirement of miniaturization
for integrability and scalability purposes, a strong nonlin-
earity is typically achieved by increasing the time dura-
tion of the interaction between light and a small non-
linear system (e.g. a two-level optical transition), by
means of a resonant optical cavity. This basic paradigm
– from which the research area called cavity quantum
electrodynamics [2] stems – was proposed long ago [3],
and has been meanwhile experimentally demonstrated
in atomic [4], semiconductor [5–7], and superconducting
[8] hybrid systems, while theoretical proposals have been
formulated for optomechanical systems [9–12]. Yet, to
achieve a sizeable photon blockade in these systems, the
energy scale characterizing the optical nonlinearity must
be large, i.e. it must exceed the optical losses, thus posing
a severe technological challenge.
Recently, a new paradigm for the generation of sub-
poissonian light was proposed [13]. Such unconventional
photon blockade (UPB) [14] differs from the conventional
mechanism in that the blockade is enforced by quantum
interference between multiple excitation pathways [15],
rather than by an effective photon-photon repulsion in-
duced by the strong nonlinearity. The UPB mechanism
occurs in a system of two coupled cavities, where the
linear coupling strength is the dominant energy scale,
while a very weak third-order nonlinearity characterizes
the two resonators. UPB displays a strong resonant be-
havior, as a function of the two resonant energies and the
coupling strength. It is essentially thanks to this resonant
character that the effect of a very weak nonlinearity can
be amplified almost at will, to produce photon blockade.
UPB holds great promise as an alternative paradigm in
view of an integrated and scalable technology for single-
photon generation [16]. Several possible implementations
of this paradigm are currently being considered, for ex-
ample in polaritonic [17], optomechanical [18, 19], or pho-
tonic crystal systems [16, 20].
Each of these possible implementations is based on a
system design that includes a specific scheme of input
and output channels. In the original proposal, the basic
UPB mechanism occurs only for the intracavity field of
one of the two cavities. In a realistic implementation,
each of the two cavities couples predominantly to a dif-
ferent input and output channel, but unavoidably some
mixing between the two input or the two output channels
must be expected. An example could be that of a system
based on a photonic crystal slab [16], in which the mix-
ing is simply produced by proximity between the cavities
and the input-output channels. Given the interferential
nature of UPB, a very natural expectation is that such
a mixing may affect the mutual phase relation between
fields, ultimately suppressing the antibunching [17, 20].
Here, we study the UPB mechanism by modeling quan-
tum input and output channels with arbitrary degree of
mixing. We compute the two-photon correlation func-
tion at zero delay, both numerically by fully solving the
system master equations, and analytically in the limit
of weak driving field. We demonstrate that, contrarily to
common expectations, an optimal condition for UPB still
exists for arbitrary degree of mixing, but it occurs for sys-
tem parameters – particularly the resonant frequencies of
the two cavities – that differ considerably from those de-
rived for the intracavity field [15]. Our result thus shows
that each system-specific design of input-output chan-
nels determines different optimal parameters for UPB.
These parameters must then be modeled appropriately
before fabrication, as they determine the optimal system
design. Here, we provide a compact analytical tool that
allows to easily link the input-output mixing rates to the
optimal design of the two cavities.
II. INTRACAVITY FIELDS
In cavity quantum electrodynamics, several specific
systems display nonlinear optical properties that can be
2mapped – under appropriate conditions – onto the simple
model of an oscillator with a third order nonlinearity. We
recall here the three most common cases. First, an op-
tical cavity embedding a Kerr optical medium [21]. Sec-
ond, an optical cavity whose resonant mode is coupled to
the optical transition of a two-level system, well described
by the Jaynes-Cummings model which has widespread
applications to atomic [4], semiconductor [7], and super-
conducting systems [22]. In this case, the equivalence
holds only in the limit of large detuning between the
cavity mode and the two-level transition, compared to
the coupling strength [23, 24]. Third, an optomechani-
cal system in which the optical density inside the cavity
is coupled to the displacement of a mechanical oscillator
[11, 25]. Given this broad range of currently investigated
systems, it is therefore interesting to study quantum op-
tical effects using the model of an oscillator with third
order nonlinearity.
Here, we consider the system of two coupled single-
mode cavities, described respectively by Bose operators
aˆ1,2 and aˆ
†
1,2, as originally studied in Ref.[13]. Both
modes are characterized by a weak third-order nonlin-
earity of strength U and are driven by continuous-wave
fields having the same frequency ωL and distinct ampli-
tudes F1,2. In the frame rotating at ωL, the intracavity
Hamiltonian reads:
H =
∑
j=1,2
[
Ej aˆ
†
j aˆj + Uaˆ
†2
j aˆ
2
j + Fj aˆ
†
j + F
∗
j aˆj
]
− J
(
aˆ†1aˆ2 + aˆ
†
2aˆ1
)
, (1)
where E1,2 are the mode energies expressed with respect
to ωL. The system dynamics is governed by the following
quantum master equation for the density matrix ρˆ
i
dρˆ
dt
= [H, ρˆ] + L(rad) + L(pd) , (2)
where
L(rad) = i
2
∑
j=1,2
Γj
(
2aˆj ρˆaˆ
†
j −
{
aˆ†j aˆj , ρˆ
})
(3)
L(pd) = i
2
∑
j=1,2
Γ
(pd)
j
(
2aˆ†j aˆj ρˆaˆ
†
j aˆj −
{
aˆ†j aˆj aˆ
†
j aˆj, ρˆ
})
(4)
are Lindblad superoperators modeling, in the Markov
limit, respectively radiative losses at rates Γ1,2 and pure
dephasing processes at rates Γ
(pd)
1,2 . Below, we will solve
numerically Eq. (2) in the stationary limit dρˆ/dt = 0,
within a truncated Hilbert space [13].
III. INPUT-OUTPUT FIELDS
We consider input and output lines as sketched in
Fig.1(a). We assume two semi-infinite waveguides Lb and
Lc evanescently coupled to the cavities, in the wake of the
proposal of Ref.[16]. Each waveguide acts simultaneously
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FIG. 1. (a) Sketch of the system. Two coupled cavities are
evanescently linked to two semi-infinite waveguides Lb and
Lc. The blue and red double-arrows denote input-output cou-
plings. The inset shows the energy levels and associated de-
tunings. Lower panels: log10[g
(2)
out(0)] as a function of E1 and
E2 for γ1 = 0.4Γ , (b) γ2 = 0 and (c) γ2 = 0.025γ1. The other
parameters are κ1,2 = Γ− 2γ1,2, U = 0.012/Γ, J = 0.5/Γ and
F = 0.01/Γ. The white cross marks the location of the global
minimum of panel (b), while the circles indicate the two local
minima, and the arrows highlight their displacement as γ2 is
increased.
as an input and an output channel for the two-cavity sys-
tem. The corresponding Bose operators for the input and
output modes are denoted as bˆin, bˆout, cˆin and cˆout. The
evanescent coupling of cavities 1 and 2 to waveguides Lb
and Lc is quantified by the rates γb,1,2 and γc,1,2, respec-
tively. The coherent driving field is conveyed through the
waveguide Lb, while the device output is collected from
the Lc channel.
According to the input-output formalism of Collett and
Gardiner [26, 27], the input, output and intracavity fields
are linked through the boundary condition
bˆ
(†)
out (t) = bˆ
(†)
in +
√
γb,1aˆ
(†)
1 +
√
γb,2aˆ
(†)
2 , (5)
cˆ
(†)
out (t) = cˆ
(†)
in +
√
γc,1aˆ
(†)
1 +
√
γc,2aˆ
(†)
2 . (6)
The rates γb,1,2 and γc,1,2 contribute, together with the
intrinsic loss rate κ1,2 of each cavity, to the total loss rates
of the two cavity modes, i.e. κ1,2 + γb,1,2 + γc,1,2 = Γ1,2.
All these loss rates depend on the specific system type
and cavity design. Here, in order to comply to the as-
sumption made in Ref.[13], we set Γ1 = Γ2 = Γ. No-
tice that this assumption generally leads to different in-
trinsic loss rates κ1,2 for the two cavities. The exten-
sion to more general assumptions is however straightfor-
ward. Additionally we shall consider a system that is
symmetric with respect to the input-output guides im-
posing γ1,2 = γb,1,2 = γc,1,2. The ideal case described
of Ref.[13] is then recovered by setting γ2 = 0. A finite
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FIG. 2. Steady-state solutions of Eq.(2). (a): g
(2)
out(0) as a function of γ2/γ1 at constant detunings E1,2 = ±Γ/2
√
3 (white cross
in Fig1(c)). (b): same as (a), when also accounting for the input mixing Eq.(10). These values do not depend significantly on
γ1. (c) and (d): Same as respectively (a) and (b), but tracking min(g
(2)
out(0)) as a function of E1 and E2, for each value of the
abscissa. Red squares, purple disks, blue triangles and light-blue diamonds correspond to γ1 = 0.2, 0.3, 0.4, 0.5 respectively. The
corresponding displacement on the (E1, E2)-plane is shown in panels (e) and (f) respectively. This displacement is essentially
independent of γ1. (g) and (h): Pump amplitude required to give a constant occupation Nout = 10
−3 for the data in panels
(c) and (d) respectively.
value of γ2 expresses instead the fact that any output
observable includes contributions from both intra-cavity
fields. This is unavoidable in most experimental setups,
where both the coupling between cavities 1 and 2 and
the coupling to input-output lines are realized through
spatial proximity, as suggested by the sketch in Fig.1(a).
For an arbitrary state of the input modes, correlations
of the output fields would depend on cross-correlations
between the input and intra-cavity fields, which in turn
would require to model the input fields together with
the system dynamics. However, if we assume only clas-
sical driving fields added to the quantum vacuum of
the input-output channels, then all normally ordered
cross-correlations between intra-cavity and input modes
vanish, and correlations in the output channels can be
expressed as functions of intra-cavity correlations only.
Within this assumption, the average number of photons
collected through Lc reads
Nout =
〈
cˆ†outcˆout
〉
= γ1
〈
aˆ†1aˆ1
〉
+ γ2
〈
aˆ†2aˆ2
〉
+ 2
√
γ1γ2
〈
aˆ†1aˆ2 + aˆ
†
2aˆ1
〉
. (7)
Similarly, the second order correlation function of the
output field at zero delay is given by
g
(2)
out (0) =
〈
cˆ†outcˆ
†
outcˆoutcˆout
〉
N2out
, (8)
=
∑
j,k,l,m=1,2
√
γjγkγlγm
〈
aˆ†j aˆ
†
kaˆlaˆm
〉
N2out
. (9)
If the driving fields are delivered through the two
waveguides, then the same mixing weights must hold
given the system symmetry, namely
F1,2 =
√
γ1,2
γ1 + γ2
F , (10)
so that |F |2 = |F1|2 + |F2|2.
IV. RESULTS
The antibunching of the intracavity field is maximized
for optimal values [15]
E1,2 ≃ ±Γ/2
√
3 , (11)
U ≃ 2Γ3/3J2
√
3 . (12)
Here, we set U to its optimal value (12), and let the de-
tunings E1 and E2 vary. Fig.1(a) shows the computed
4value of log10[g
(2)
out(0)], as a function of E1 and E2, in the
case γ2 = 0, namely without mixing. The result repro-
duces exactly that for the intracavity field in Ref.[13].
When instead a finite value γ2 = 0.025γ1 is set, the op-
timal antibunching moves to different values of E1 and
E2, and the original minimum splits into two distinct
minima. Indeed, if the optimal values (11) and (12)
are set, the value of g
(2)
out(0) rapidly increases as a func-
tion of γ2/γ1, both when assuming output mixing only
(Fig.2(a)) and if a corresponding input mixing (10) is
introduced (Fig.2(b)). These results suggest that the op-
timal values of E1 and E2 must be found independently
for each value of γ2. We note that the absolute value of
γ1 has practically no influence on this behaviour which
is solely determined by the ratio γ2/γ1.
To illustrate how the optimal values of E1 and E2 de-
pend on the mixing, we plot on the (E1, E2)-plane the
position of the minimum labeledm1 in Fig.1(c), for γ2/γ1
uniformly increasing from 0 to 0.5, both in the case of
output mixing only (Fig.2(e)) and including input mix-
ing [Fig.2(f)]. Again, these values scarcely depend on the
absolute value of γ1. Correspondingly, Fig.2(c) and (d)
show the value of g
(2)
out(0) computed at increasing γ2/γ1,
while tracking the optimal values of E1 and E2 as a func-
tion of this parameter. Here, different symbols denote
different values of γ1, showing that this parameter af-
fects the actual value of the two-photon correlation. For
these plots, the overall pump amplitude F was also ad-
justed for each value of γ2/γ1 in order to keep the av-
erage photon occupation in the output mode constant,
Nout = 10
−3. The corresponding values of F are plotted
in Fig.2(g) and (h) respectively. These data show that
the unconventional antibunching can indeed be preserved
– or even slightly improved – when tuning the optimal
values of E1 and E2 to the ratio of output coupling rates
γ2/γ1 characterizing the specific system under investiga-
tion.
When considering a given engineered sample, the de-
tuning between the two cavities ∆12 = E1 −E2 is gener-
ally determined by the specific sample design and fabrica-
tion. It is therefore relevant, in view of an experiment, to
study the optimal value of the detuning E1 for each given
value ∆12. The corresponding results (accounting for the
mixed input) are shown in Fig.3(a) and (b). Panel (a)
shows the optimal value of g
(2)
out(0) computed as a func-
tion of ∆12 for three different values of γ2, while panel
(b) shows the corresponding optimal value of E1 and the
pump amplitude (inset) required to have Nout = 10
−3.
As soon as the output fields are mixed we see that op-
timal antibunching requires ∆1,2 > 0, differently from
the ideal case[13, 15] where ∆12 ≃ 0. In the cases where
γ2 6= 0, two distinct minima in g(2)out appear, consistently
with Fig.1(c).
Finally we have analyzed in Fig.3(c),(d) the impact of
pure dephasing, as introduced in Eq. (4), for three val-
ues of Γ(pd) = Γ
(pd)
1 = Γ
(pd)
2 . While the optimal values
of E1 and E2 are only slightly affected [panel (d)], the
corresponding optimal value of min(g
(2)
out(0)) increases sig-
nificantly [panel(c)], as expected for the unconventional
mechanism which strongly relies on quantum interfer-
ence. In particular, antibunching starts being suppressed
as soon as the pure dephasing rate becomes comparable
to the nonlinear energy U . This is again expected, as
the destructive quantum interference between different
excitation pathways leading to the two-photon state is
enforced by a nonlinear energy shift of magnitude U . It
can be concluded that the sensitivity to pure dephasing
is not dramatically modified by mixing in the input or in
the output channels.
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FIG. 3. (a) Minimal value of g
(2)
out(0) as a function of the
detuning ∆12, obtained by varying E1. (b) Corresponding
optimal value of E1. Inset: value of F required to give a
constant occupation Nout = 10
−3. For both plots, γ1 = 0.2Γ
(red squares), 0.3Γ (purple disks) and 0.4Γ (blue triangles).
(c) Impact of the pure dephasing on min(g
(2)
out(0)) for Γ
(pd) = 0
(red squares), 0.01U (purple disks) and 0.1U (blue triangles).
(d) Corresponding points on the (E1, E2)-plane. Inset: value
of F required to impose a constant occupation Nout = 10
−3.
UPB relies on the fact that, thanks to destructive
quantum interference between multiple excitation path-
ways leading to the state with two photons in the first
cavity, the amplitude of this particular number-state in
the stationary state of the system vanishes under appro-
priate choice of the system parameters. Then, in the limit
of vanishing pump amplitude F , the probability of having
N1 > 2 is negligible and g
(2)
out(0) actually vanishes as a re-
sult. In presence of output mixing however, Eqs.(5) and
(6) show that an analogous canceling of the two-photon
amplitude in the output field now requires suppressing
the two-photon occupation of the mode associated to the
linear superposition
√
γ1aˆ1 +
√
γ2aˆ2. This is made pos-
sible by a similar quantum interference scheme as in the
ideal case, where however optimal conditions occur for
5different values of the detunings E1 and E2. This is ulti-
mately the reason why output mixing does not actually
suppress antibunching but rather moves it to a different
optimal point in parameter space. More insight on this
result can be obtained by carrying out an analysis to
leading order in F , similar to the one presented for the
ideal case in Ref.[15]. This leads to a compact analyti-
cal expression for g
(2)
out(0) in the limit F → 0, derived in
the appendix, that can be easily adopted to optimize the
parameters E1 and E2 in each specific case.
The main indication coming from the present study is
that, in any attempt to experimentally design a coupled-
cavity system for the detection of unconventional photon
blockade, the input and output mixing must be accu-
rately modeled before fabrication, in order to assess the
corresponding optimal detuning ∆12 = E1 −E2 between
the two cavities.
V. CONCLUSION
In summary, we have studied the unconventional pho-
ton blockade in the context of an input-output theory
of the open quantum system, in order to assess how un-
avoidable mixing between the two input or the two out-
put channels affects the photon antibunching. Our find-
ings clearly show that the photon antibunching is not
suppressed but rather just displaced in a different region
of the system’s parameter space. Unconventional photon
blockade was recently proposed as a very effective mecha-
nism to produce a strongly subpoissonian photon field in
presence of arbitrarily weak nonlinearities. This mech-
anism holds great promise in view of the realization of
integrated single-photon sources, that could operate even
by only relying on the very weak background third-order
nonlinearity of the dielectric material [16], and could be
the mechanism of choice to observe quantum effects in
hybrid systems – such as i.e. optomechanical systems
[18, 19] – where strong single-photon nonlinearities are
far from being achieved. It should be observed that, to
operate as an on-demand single photon source, a system
displaying the unconventional photon blockade would ad-
ditionally require pulsed operation, for which the uncon-
ventional blockade mechanism is subject to some restric-
tions as discussed by Bamba et al. [17]. In particular,
in order for antibunching to occur in the pulsed regime,
the bandwidth of the pump pulse must be smaller than
the cavity loss rate Γ, while its time duration must be
shorter than the timescale of the quantum correlations,
set by J−1. These two conditions are barely met for the
typical regime J > Γ, in which the unconventional block-
ade occurs. A possible way to overcome this limitation
might be to filter the output either in frequency or in time
– a task for which the present input-output theory is the
appropriate tool. Spectral filtering in particular has been
shown to enhance photonic antibunching of the conven-
tional type [28]. Alternatively, an appropriate shaping of
the pump pulse might also improve single-photon opera-
tion. These ideas however require verification through
a time-resolved analysis of the unconventional photon
blockade, which will be the object of future work.
Our study shows that, in order to produce the optimal
conditions for the unconventional blockade, the system-
specific input-output relations play a crucial role, affect-
ing dramatically the optimal system design. The present
result clearly indicates what are the optimal system pa-
rameters and provides a tool for their evaluation, that can
be easily adopted in the several contexts – ranging from
photonic crystal [16, 20] to optomechanical [18, 19] or po-
laritonic [13, 15, 17] systems – in which an experimental
demonstration of the unconventional photon blockade is
currently being sought.
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Appendix: The weak pump limit
In this section, we derive analytical expressions for the
number of intracavity photons and the zero-delay two-
photon correlation function, in the limit of vanishing
driving field.
We start from the Hamiltonian (1) and expand the in-
tracavity field wavefunction on a Fock-state basis, trun-
cated to the two-photon manifold as allowed by the as-
sumption of weak driving field.
|ψ〉 = C00 |00〉+ C10 |10〉+ C01 |01〉
+ C11 |11〉+ C20 |20〉+ C02 |02〉 (A.1)
Here, |jk〉 = |j〉⊗|k〉 denotes a Fock state with j photons
in the first cavity and k photons in the second one. The
steady state is found from the stationary solution of the
nonlinear Schro¨dinger equation H˜ |ψ〉 = i~∂t |ψ〉 written
for the non-Hermitian Hamiltonian
H˜ = H − iΓ
2
∑
j=1,2
aˆ†j aˆj (A.2)
with the further assumption Γ1,2 = Γ. We assume
equal coupling to the two input-output channels, namely
γb,1,2 = γc,1,2 = γ1,2 and obtain the following coupled set
6Fig. A 1. Comparison of the numerical (upper panels) and analytical (lower panels) values of log10(g
(2)
out(0)), as a function of
E1 and E2, at fixed γ1 = 0.4Γ, for γ2 taking values from γ2 = 0 to γ2 = 0.1γ1 by steps of 0.02γ1 from left to right. Here
F = 10−2/Γ, the other parameters are the same as for Fig.1.
of equations for the coefficients Cjk
0 = F1C10 + F2C01 (A.3)
0 = F1C02 + F2
√
2C11 (A.4)
0 = F2C02 + F1
√
2C11 (A.5)
0 = F1C00 + E˜1C10 − JC01 + F1
√
2C20 + F2C11 (A.6)
0 = F2C00 + E˜2C01 − JC10 + F2
√
2C02 + F1C11 (A.7)
0 = F1
√
2C10 + 2
(
E˜1 + U1
)
C20 − J
√
2C11 (A.8)
0 = F2
√
2C01 + 2
(
E˜2 + U2
)
C02 − J
√
2C11 (A.9)
0 = F2C10 + F1C01 − J
√
2 (C20 + C02) +
(
E˜1 + E˜2
)
C11
(A.10)
where E˜j = Ej − iΓ/2. Here, the pump amplitudes are
expressed as Fj =
√
ζjF where ζ1,2 = γ1,2/(γ1 + γ2). To
leading order, the coefficients Cjk depend on the driving
field amplitude as Cjk ∝ F j+k. Hence, we can eliminate
the underlined terms in Eqs. (A.6) and (A.7), as they
are of sub-leading order in F . By further imposing the
normalization condition C00 = 1, straightforward algebra
leads to the following solutions
C10 = F
E˜2
√
γ1 + J
√
γ2
J2 − E˜1E˜2
(A.11)
C01 = F
E˜1
√
γ2 + J
√
γ1
J2 − E˜1E˜2
(A.12)
C20 = F
2
[
E˜32 + E˜
2
2
(
E˜1 + U
)
+ UJ2
]
γ1 + J
2
(
E˜1 + E˜2 + U
)
γ2 + 2J
√
γ1γ2
(
E˜1 + E˜2
)(
E˜2 + U
)
√
2
(
E˜1E˜2 − J2
)(
E˜21
(
E˜2 + U
)
+ E˜1
[(
E˜2 + U
)2
− J2
]
+ E˜22U + J
2
(
E˜2 − 2U
)) (A.13)
C02 = F
2
[
E˜31 + E˜
2
1
(
E˜2 + U
)
+ UJ2
]
γ2 + J
2
(
E˜1 + E˜2 + U
)
γ1 + 2J
√
γ1γ2
(
E˜1 + E˜2
)(
E˜1 + U
)
√
2
(
E˜1E˜2 − J2
)(
E˜22
(
E˜1 + U
)
+ E˜2
[(
E˜1 + U
)2
− J2
]
+ E˜21U + J
2
(
E˜1 − 2U
)) (A.14)
C11 = F
2
J
(
E˜1 + E˜2 + U
) [(
E˜2 + U
)
γ1 + J
(
E˜1 + U
)
γ2
]
(
E˜1E˜2 − J2
) [
E˜21
(
E˜2 + U
)
+ E˜22
(
E˜1 + U
)
− J2
(
E˜1 + E˜2 − 2U
)]
+ F 2
√
γ1γ2
[(
E˜1 + E˜2
)(
E˜1E˜2 + J
2 + U2
)
+ U
(
E˜21 + E˜
2
2
)
+ 2UE˜1E˜2 + 2UJ
2
]
(
E˜1E˜2 − J2
) [
E˜21
(
E˜2 + U
)
+ E˜22
(
E˜1 + U
)
− J2
(
E˜1 + E˜2 − 2U
)] (A.15)
where we further assumed U1,2 = U . We then construct the system density matrix from ρ = |ψ〉〈ψ|. By combining
this result with the expressions for the input-output field operators, we obtain the following compact expression for
7the average photon occupation in the output field of the first cavity
Nout =
〈
c†outcout
〉
= Tr
(
c†outcoutρ
)
=
∣∣∣∣∣∣F
(
E˜2
√
γ1 + J
√
γ2
)√
γ1 +
(
E˜1
√
γ2 + J
√
γ1
)√
γ2
J2 − E˜1E˜2
∣∣∣∣∣∣
2
(A.16)
The second order correlation function at zero delay of the output field can be expressed in a compact form as a
function of the coefficients Cjk as
g
(2)
out (0) =
Tr
(
c†outc
†
outcoutcoutρ
)
N2out
≃ |γ1C20 + γ2C02|
2
+
∣∣γ1C20 +√γ1γ2C11∣∣2 + ∣∣γ2C02 +√γ1γ2C11∣∣2∣∣√γ1C10 +√γ2C01∣∣4 (A.17)
We compare in Fig.A1 the analytical expression (8) (see
lower panels) to direct numerical solutions of the density
matrix dynamics from Eq.(2) (see upper panels). We
get a perfect agreement between the two for weak pump
intensities.
Finally, we show that perfect output antibunching,
namely g
(2)
out(0) = 0, cannot be obtained, differently from
the intracavity field case. In particular, in order to make
the numerator of expression (A.17) vanish, one would
need
C02 = −γ1
γ2
C20 (A.18)
C11 = −
√
γ1
γ2
C20 (A.19)
C11 = −
√
γ2
γ1
C02 =
√
γ1
γ2
C20 (A.20)
Obviously, these conditions can only be fulfilled by set-
ting C20 = C02 = C11 = 0, namely only in the unphysical
situation in which the two-photon manifold of the Hilbert
space is totally unoccupied. This remark is scarcely rel-
evant to our main conclusions. In fact, the minimal
values reached by the zero-delay two-photon correlation
g
(2)
out(0) = 0, as computed from the full master equation,
are to all practical purposes very small, and they are
mostly determined by few-photon terms, thus beyond the
two-photon limit assumed in the approximate analytical
treatment above.
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